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OF AIRCRAFT STRUCTURAL MATERIALS 

EXTRUDED 2ijS-T ALUMINUM ALLOY 


By George J, Reimerl and J. Albert Roy 


SUMMARY 


Column and plate compressive strengths of extruded 
2lj5-T aluminum alloy were determined both within and 
beyond the elastic range from tests of thln-strip columns 
and local-instability tests of R-, z~,and channel-section 
columns. These tests are part of an extensive research 
investigation to provide data on the structural strength 
of various aircraft materials. The results are presented 
in the form of curves and charts that are suitable for use 
in the design and analysis of aircraft structures. 


INTRODUCTION 


Column and plate members In an aircraft structure are 
the basic elements that fail by instability. For the 
design of aircraft of low weight and high structural 
efficiency, the strength of these elements must be known 
for the various aircraft materials. An extensive research 
program has therefore been undertaken at the Langley 
Memorial Aeronautical Laboratory to establish the column 
and plate compressive strengths of a number of the alloys 
available for use in aircraft structures. Parts of this 
Investigation already completed for various aluminum 
alloys - 2iiS -T sheet, 17S-T sheet, and extruded 75S-T - 
are given in references 1, 2, and 3» respectively. 

The results of tests to determine the column and 
plate compressive strengths of extruded 2 I 4 S-T aluminum 
alloy are presented herein. 
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SYMBOLS 


L length of column 

P radius of gyration 

c fixity’ coefficient used In Euler column formula 

■■ "L: effective slenderness ratio of thln-strlo column 

PV^ 

bp, tp width and thickness, respectively, of flange of 
* H-, Z-, or channel section (see fig. 1) 


b.», t- width and thickness, respectively, of web of H-, 
11 ' Z- , or channel section (see fig. 1) 


*c 


T 


T1 


cr 


max 


cy 


corner radius (see fig. 1) 

nondlmensional coefficient used with by y and tyj 
in pi ate -buckling formula (see figs. 2 and 3 
and reference If.) 

modulus of elasticity In compression, taken as 
10,700 ksi for 2i]S-T aluminum alloy 

nondlmensional coefficient for columns (The value 
of T Is so determined that, when the effective 
modulus te c is substituted for E c In the 

equation for elastic buckling of columns, the 
computed critical stress agrees with the 
experimentally observed value. The coefficient 
t Is equal to unity within the elastic range 
and decreases with increasing stress beyond 
the elastic range.) 

nondlmensional coefficient for compressed plates 
corresponding to t for columns 

Poisson’s ratio > taken as 0.3 for 2t45-T aluminum 
alloy 

critical compressive stress 

average compressive stress at maximum load 

compressive yield stress 
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METHODS OP TESTING AND ANALYSIS 


All tests were made In hydraulic testing machines 
accurate within three-fourths of 1 percent. The methods 
of testing and analysis developed for this research pro- 
gram (reference 1} may be briefly summarized as follows: 

The compressive stress-strain curves for the extrusions, 
which identify the material for correlation with its column 
and plate compressive strengths, were obtained for the with- 
grain direction from tests of single- thickness compression 
specimens out from the extruded H-section. The tests were 
made in a compression fixture of the Montgomery -Tempi in 
type, which provides lateral support to the specimens 
through closely spaced rollers. 

The column strength and the associated effective 
modulus were obtained for the with-grain direction by the 
use of the method presented in reference 5» in which thin- 
strip columns of the materiel were tested with the ends 
clamped in fixtures that provide a high degree of end 
restraint. The fixtures have been improved and the method 
of analysis has been modified since publication of refer- 
ence 5. The method now used results in a column curve 
representative of nearly perfect column specimens. In 
addition, the method now takes into account the fact that 
columns of the dimensions tested are actually plates with 
two free edges. These columns were cut from the flanges 
of the H-section adjacent to the Junction of the web and 
flange . 

The plate compressive strength was obtained from com- 
pression tests of H-, Z-» and channel-section columns so 
proportioned as to develop local instability, that is. 
Instability of the plate elements. (See fig. Ij..} Extruded 
H- sections having two different web widths were tested; 
the flange widths for each were varied by milling off 
portions of the flanges. The flanges of some of the H- 
sectlon extrusions were removed In such a way as to make 
Z- or channel sections as desired. The flange widths of 
the Z- and channel-section columns were varied In the same 
manner as the flange widths for the H-section columns. 

The lengths of the columns were selected in accordance 
with the principles of reference 6. The columns were 
tested with the flat ends bearing directly against the 
testing-machine heads. In these local-instability tests 
measurements were taken of the cross-sectional distortion. 
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and the critical stress was determined as the stress at 
the point near the top of the knee of the stress-distortion 
curve at which a marked increase in distortion first 
occurred with small increase in stress. 

A departure from the method of analysis presented in 
reference 1 is that the inside face dimensions were used 
to define bp and b^y in the evaluation of o cr /q by 
means of the equations and curves of figures 2 and. 3* 

This definition of bp and b^ for extruded sections ' 

with small fillets was previously used in reference 3 in 
order that the theoretical and experimental buckling 
stresses would agree within the elastic range. For formed 
Z- and channel sections with an inside bend radius of 
three times the sheet thickness (references 1 and 2), bp 

and b«y were defined as center-line widths with square 
corners assumed. 


RESULTS AND BI3CL T SSI0K 
Compressive Stress-Strain Curves 

Compressive stress-strain our'ves for extruded 2i|5-T 
aluminum alloy, which were selected as typical or average 
curves for the column material, are given in figure 5* 

These curves were obtained from tests of compression 
specimens cut from the flanges of the extrusions adjacent 
to the Junction of the web And. flanges as shown in figure 5« 

In order to study the variation of the .compressive 
properties over the cross" sections, surveys were made of 
the extrusion by tests of compression specimens cut from 
the web and flanges .of the H-sections. A typical variation 
of the compressive yield stress c C y over the cross 

section is shown in figure 6. Values of Oqj at the outer 
part’ .of the flanges are generally, higher than those for the 
inner part of the- flanges; the lowest values of o C y were 
found in the web in all cases. The stress-strain curves 
of figure 5» representative of the material in the flange 
adjacent to the web, therefore usually show conservative 
values of o c y for the flange and unconservative values 
of Ccy- for the web. 

The columns to which .a particular- stress-strain .curve 
applies are indicated in table 1 together with the value 
of the compressive yield stress for that stress-strain 


NACA ARR No. L5?08b 


5 


curve . These values of o cy for the with- grain direction 
average about 50 ksl. The modulus of elasticity In com- 
pression was taken as 10,700 -ksi, the present accepted 
value for PJ|S-T aluminum alloy. 


Column and Plate Compressive Strengths 

Because the compressive properties of an extruded 
aluminum alloy may vary considerably, the data and charts 
of this report should not be used for design purposes for 
extrusions of 21+S-T aluminum alloy that have appreciably 
different compressive properties from those obtained in 
these tests, unless a suitable method is devised for 
adjusting test results to acoount for variations in . 
material properties. The results of the column and local- 
instability tests for extruded 21+S-T aluminum alloy are 
summarized herein; a discussion of the basic relationships 
is given in reference 1. 

Column strength .- The column curve of figure 7 shows 
the results of the thin-atrip- column tests for the with- 
grain direction. The reduction in the effective modulus 
of elasticity tE c with increase in column stress is 
indicated by the variation of t with stress shown in 
figure 8. 

Plate compressive strength .— -The results of the local- 
instability tests of the H-, Z-, and channel-eection 
columns used to determine the plate compressive strength 
are given in tables 2, 3 * and Ij., respectively. The plate- 
buckling curves, analogous to the column -curve- of figure 7# 
are shown in figure 9» The -reduction of the effective 
modulus of elasticity t]E c with increase in stress for 
compressed plates is.. indicated by the variation of tj 
with stress, • which is shown along with the curve for T 
-in figure 8. The crossing of the t-< and T)-ourves shown 
in figure 8 occurs . because ...the H-, Z-, and channel- section 
columns used to obtain the 17-curves apparently had an 
appreciable degree of imperfection, which resulted in the 
deviation of the -ir-curves from unity at a lower stress 
than that at which the v— curve, representative of nearly 
perfect columns, diverges from unity. 

The ■ variation of the actual critical stress o cr 
with the theoretical critical.. s tress o cr /n computed for 
elastio buckling by means of the formula and charts of 
figures 2 and 3 is shown in figure 10. 



6 


NACA ARR No. L5F08b 


In order to illustrate the difference between the 
critical stress o cr and the average stress at maximum 
load Omax* "the variation of o cr with o C r/^max ls 
shown in figure 11. Because values of a max may be 
required in strength calculations, the variation of a mBy 
with OcrAl is shown in figure 12. 

Figures 9 to 12 show that the data for H- sections 
described curves different from those Indicated for Z- and 
channel sections. One of the reasons why higher values of 
Ojjiax were obtained for H-sections than for Z- or channel 
sections for a given value of o or /v, (fig. 12) may be the 
fact that the high-strength material in the flanges (fig. 6) 
forms a higher percentage of the total cross-sectional 
area for the H-section than for the Z- or channel section. 
For the H-section, is increased over the value for 

the Z- or channel section over the entire stress range 
covered in these tests (fig. 12) j o cr for the H-section, 
however, is increased only for stresses beyond the elastic 
range (fig. 10). 


Langley Memorial Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Field, Va. 
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TABLE 1 

COMPRESSIVE PROPERTIES OP EXTRUDED 2 l| 3 -T ALUMINUM ALLOY 


[e c * 10,700 ksi] 


Columns to which stress-strain 
curves apply 

Stress- 

O ■I*' VI n 4 vi 

Compressive yield 

a +■ vi a 0 0 rt 

Type 

Designation 
(tables 2 to 4) 

SbrEin 

curve 

(fie- 5 ) 

SbroSS | U C y 

(ksi) 

Thin strip 

All 

A 

50.9 

H 

5a, Sb, 6a, 6b, 6c, 7a, 
7 b, 7 c, 8a, 9 a, 9 b 

B 

52.1 

H 

2b, 5a 

C 

46.1 

K 

la, lb, 1c, 2a, 2c, 
| 3 b, 5 °» 4 ® t 4 b 

D 

47.0 

H 

8b 

E 

52.5 

Z 

8 

B 

52.1 

Z 

5, 1|A, lj.b, 4 c , 5a, 
5 b 

C 

46.1 

z 

1, 2a, 2b, 2c 

1 D 

1 

47.0 

z 

9a, 9b, 10a, 10b, i 
10c I 

E 

52.5 

z 

6 a, 6 b, 6 c, 7b, 

70 

j 

P 

i 

j 

51.6 

Channel 

5 a, 5 b, 5 c, 3 d, 

4b, 4c, 4 d, 4 «» 4 ^» 
5 a, 5 b, 5 c 

i 

C 

46.1 

Channel 

la, lb, 2a, 2b 

D 

47.0 

Channel 

8a, 8b, 8c, 9a, 9b, 
9c, 10a, 10b, 10c 

E ! 

52.5 

Channel 

6a, 6b, 6c, 7a, 7b, 

7 ° 

1 

P 

51.6 
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TABLE 2.- DIMENSIONS OP COLUMNS AND TEST RESULTS 
POR EXTRUDED 21+S-T H-SECTIONS 



^cr _ 

^ 12(l-|i 2 )D^ 


where E e = 10,700 ksi and n = 0.3. 
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TABLE 3-- DIMENSIONS OF COLUMNS AND TEST RESULTS 
■ FOR EXTRUDED 2l*S-T Z-SECTIONS 




vw. 


lau -*, 2 )^ 2 


where E e 


= 10,700 ksl and n = 0.3« 


NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 


NACA ARR No. L5F08b 




TABLE DIMENSIONS OF COLUMNS AND TEST RESULTS 
FOR EXTRUDED 2l^S-T CHANNEL SECTIONS 
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gure I.- Cross sections of H-, Z~, and channel 

section columns. 
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Fig. 2 








Figure 5.- Compressive stress- strain curves for extruded 24 S-T aluminum alloy. 
(Curves A, B, C, etc., are identified in table I.) 
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Figure 6. - Variation of the compressive yield 
stress over the cross section of an extruded 
H -section of 24S-T aluminum alloy (Values in ksO 
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Figure 7- Column curve for extruded 24S-T aluminum alloy. (Tcy-SOksi. 
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Fig. 8 
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Figure <3. ” Variation of x and T) with stress for 
extruded 24S-T qluminum alloy. <T C y=50ksi. 
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Fig. 9 



Figure 9. - Plate- buckling curves for extruded 
24 S~T aluminum alloy obtained from tests of 
and channel -section columns. cr C: y=50k5i. 


Fig. 10 
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Figure 10.- Variation of a cr with o cr /r) for plates of 
extruded 24S-T aluminum alloy obtained from tests of 
H-, Z- and channel -section columns. cfy=50ksi. 
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Fig. 11 



Figure 1 1. - Variation of a cr with Gcr/'Ornax for extruded 
24S-T aluminum - alloy H~, Z-, and channel -section 
columns. Ocy = 50ksi. 


Fig. 12 
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Figure 12.- Variation of CT max with a cr /V for extruded 
24S-T aluminum - alloy H~ Z~, and channel -section 
columns. acy= 50 ksi. 
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